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I. IHTRODUCTION 
With the advent of atomic energy as a source of power and 
the fact that thorirm is one of the primary sotirces of nuclear 
fuels (1), the physical properties of the metal and its alloys 
have been viewed with renewed interest. Although many inves­
tigations have been conducted on the preparation of the metal 
and on its physical properties, very little work has been repor­
ted on thorium alloys. 
Becatise of the reactivity of thorium it is difficult to 
prepare metal free from impurities. Among the chief impur­
ities found in the metal are oxygen, nitrogen, and carbon. 
The extent of contamination varies with the method of prepar­
ation. The effect of various impurities on the physical 
properties of the metal is uncertain, but taken collectively 
the effect of impurities is reflected by the wide variations 
in the values reported in the literature for such properties 
as the melting point, lattice constant, and specific resis­
tivity of the metal (2). 
The presence of ln:5)urities in thorium may also be expected 
to complicate any alloy studies in which thorium is the prin­
cipal constituent. No reference has been found in the liter­
ature to any binary thorium system for which the thorium-rich 
end has been worked out. The only phase diagram involving 
thorium given by Hansen (3) in his critical review of binary 
alloys, is that of the thoritua-aluminum system in which alloys -
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containing up to approximately 75^ thorium were studied. A 
search of the more recent literature revealed a rather thor-
ou^ study of thorium-nickel alloys by Horn and Bassermann 
(4), but here again the thorium end of the phase diagram is 
incomplete. Probably the most detailed study of the thoriim-
rich end of a binary thorium system was the work done on the 
determination of the limits of solubility of carbon in thorium 
by Doig, Mallett and Sailer as reported by Gfenell and Sailer 
(5) and by Jackson and Beaver (6). 
No caaplete systematic study has been made of the thor-
ium-carbon system. It is the purpose of the present work to 
extend the study of thorixim-carbon alloys with the view of 
establishing a phase diagram for this system. Toward this end, 
metallographic. X-ray, melting point, and resistance-temper-
ature studies were made. 
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II. EEVIE13 OP LITERATURE 
The existance of a dicarbide of thorlim was first repor­
ted by Troost (7) and later by Moissan and Etard (8), They 
prepared the carbide by reducing the oxide with carbon in an 
electric furzsace at elevated temperatiires. The structure of 
the dicarbide was studied by Stackelberg (9) and reported to 
be face-centered tetragonal with four molecules per unit cell 
1 with a^ s 5*85 % and Cq - 5*28 S, The melting point of the 
dicarbide was deteiained by Prescott and Eincke (10) by heating 
the compound in a graphite tube fu3?nace to 2500°C. At this 
teii5>erature fusion was observed to take place. Researchers 
at Battelle Memorial Institute (11) made X-ray studies of 
alloys fonaed in the process of deteraiining the oxygen content 
of thorium metal by a vacuum-fusion method and reported the 
following phases; a monocarbide with a face-centered cubic 
structure of the sodium chloride type with a^ - 5.29 %, a 
dicarbide with a body-centered tetragonal structure with two 
molecules per unit cell with a^ = 4.14 i and c^ r 5.28 S, and 
slight evidence of a third face-centered cubic phase believed 
* to be of the CaPg type with a^ - 5.85 2.. The lattice constants 
for the dicarbiderare in close agreement with those reported 
by Stackelberg if referred to the same unit cell. 
Baenziger (12) of this laboratory carried out X-ray-
powder diffraction studies on alloys prepared by Treick and 
identified the compound ThCg for which he proposed an ortho- ' 
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rhombic lattice with = 8.26 2, b« = 10«52 S and c^ - 4,22 Q ' O O 
O 
A and ei^t molecules per unit cell. On this basis he was able 
to account for all the lines obtained on X-ray powder diffrac­
tion diagrams. A second phase, believed to be the monocarbide, 
with a sodium chloride type structure with a^ - 5.284 ^  
also identified. The metal is also face-centered cubic with 
the cubic closest packed copper-type structure. Baenziger 
reported the best value for the lattice constant for the pure 
metal to be 5.075gi« 
Considerable work has been done on the determination of 
the, solid solubility of carbon in thorium at various temper­
atures. Prom X-ray diffraction studies of sa]i?)les quenched 
from approximately 1950®C, Baenziger and Treick concluded that 
the maximum solubility of carbon in thorium at this temper­
ature is approximately O.75C, Researchers at Battelle Memo­
rial Institute (5), (6) have studied the solubility of carbon 
in thori;am by X-ray and metallographic metliods and report the 
solubility to be approximately O.IJ^ at 900°C, at 1050®C 
and somewhat higher at 1100®C. Hardness measurements were 
also made on samples quenched in water from temperatures up to 
1400°C. Curves of Brinell-hardness number versus quenching 
teinperatures for these samples show a sharp increase in slope 
at temperatures of 600 to about 900°C. The samples having 
the highest hardness value at near room temperature gave a 
change in slope at correspondingly hi^er teii5)eratures. This 
- 4b -
was interpreted to iixilcate that impurities begin to dissolve 
in low carbon thorium at about 650®C. Differential thermal 
analyses, using nickel as the reference test piece, gave cxirves 
for the temperature difference versus temperature of the thor­
ium test piece which showed a small but definite break in the 
temperature range 650 to 750®C for low carbon thori\m and one 
at 800®C for a specimen with hi^er carbon content* These 
data were also interpreted to indicate extensive changes in 
solid solubility in the temperature range given. 
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III. SOUECE OP MATERIALS 
Massive thoritun of hi^ pxjrity and spectrographically 
pure graphite in powder form were made available by the Ames 
Laboratory for this investigation. In many of the experiments 
it was necessary to use finely divided thorium metal powder. 
The metal powder was prepared from cast metal by heating the 
metal in a hydrogen atmosphere to form a hydride powder which 
was then decomposed to give metal powder (13). 
A. Preparation of Thoririm Metal Powder 
The steps used in preparing thorium metal powder may be 
outlined as follows; 
1. Formation of the dihydride by heating 
the massive metal in a hydrogen atmosphere at 
600°C. 
2. Further reaction of the dihydride with 
hydrogisn at 325 to 200°C to form a higher hydride, 
3. Decomposition of the hi^er hydride by 
reheating the charge to 500®C under one atmos­
phere hydrogen pressure. 
4. Further decomposition of the hydride by 
o heating to 700 C under reduced pressure to give 
a rather finely divided metal powder. 
A steel tube equipped with a water-cooled head was used to 
carry out the above reactions. The reaction tube containing-
- 6 -
several laj?ge pieces of metal was evacuated to a pressure of 
approximately one micron of mercury as the charge was grad­
ually heated to about 250°C. The system was then partially 
filled with hydrogen and again pumped down to near one micron 
of mercury pressure, then again filled with hydrogen end the 
system thereafter maintained at a hydrogen pressxire somewhat 
in excess of one atmosphere until the final decomposition of 
the hydride* 
The initial reaction of hydrogen with the metal begins 
at about 400°C and once the reaction starts, hydrogen is 
taken up rapidly. It was therefore necessary to rapidly 
increase the flow of hydrogen into the system to maintain a 
pressure in excess of one atmosphere. The reaction is exo­
thermic and there is a correspondingly rapid increase in tem­
perature. The rate of the reaction soon subsides, and further 
heating is necessary to maintain a temperature of. 600®C in 
order to bring about complete reaction. When the rate at 
which hydrogen was taken up became veiy slow, the furnace was 
shut off and the charge permitted to cool. At about 525°C 
the reaction again became quite rapid and reached,an'optimum 
rate at about 275®C« This temperature was maintained until 
the reaction became very slow, and the temperature was then 
gradually decreased to about 200®C. During this reaction the 
charge breaks up into a rather finely divided powder. This 
powder is pyrophoric and ignites spontaneously on exposiare 
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to air at room temperature. 
The charge was then reheated and hydrogen was rapidly 
given off at one atmosphere of hydrogen pressiare. The hydro­
gen was permitted to escape throu^ a vent. At 5CX)°C the 
evolution of hydrogen ceiised. The hydrogen escape vent was 
closed and the vaciium pump started. The temperature was grad­
ually increased to approximately 700°C and pumping continued 
until the pressure dropped to below 900 microns mercury pres-
sxire. At this point the system was filled with helitam and 
cooled to room tengperature. 
At room tea^jerature the water-cooled head on the steel 
reaction tube was removed and several pieces of dry ice 
dropped into the tube. This precaution was taken in order 
to prevent possible ignition of the freshly prepared metal 
powder on sudden exposure to air. It was found that most 
of the charge had been converted to a powder and some rather 
loosely adhering Ixamps which could be broken up by means of 
a mortar and pestle to pass a 30 mesh screen. The remainder 
of the charge consisted of the center portion of several 
lumps of metal which had not been converted to a powder, 
and of powder too coarse to pass a 30 mesh screen. 
The minus 30 mesh powder was set aside for use in those 
experiments in which the metal in powder form was required. 
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B« Chemical Analyses 
Chemical analyses of the metal powder gave 0.090 and 
0•0425^ of carbon and nitrogen respectively. Metallic impiari-
ties accounted for approximately another 0.12J^ of the metal. 
The metal was not analyzed for oxygen content, however from 
results on cast metal the oxygen content in the metal pow-
der was estimated to be about O.lOSo. 
Except for investigations conducted on the metal or on 
alloys of very low carbon content the above impurities did 
not cause;serious complications. Some thorium-carbon alloys 
were prep^ed by heating the fused metal in graphite cru-
V 
cibles at about 1800°C or above under vacuum. In this way 
the oxide and many of the other impurities were removed by 
volatilization. 
The extent to which the metallic impurities are removed 
was checked by weighing the condensate from several test bars 
heated at about 2200®C for several hoiars. The bars were heated 
in a helium atmosphere in a resistance furnace. The furnace 
used is described on page 11. The condensate formed a fine 
loosely adhering powder on the water-cooled furnace cover. 
This was readily removed and weighed. The weight of the con­
densate was found to be approximately O.IOJ^ of the metal used 
in making up the samples. This condensate is considerably more 
radioactive than the thorium metal indicating that decay 
products are also volatilized by this treatment. 
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IV. APPAHATUS AED METHODS 
Due to the hi0i melting point and reactivity of thorium-
carbon compositions^ furnaces suitable for their preparation 
and melting point determinations present some special problems. 
Thorium or thorium-carbon mixtures will react with or be con­
taminated by any of the commonly available refractory materials 
if heated in direct contact with the refractory at elevated 
temperatures, particularly at temperatures above 1800®C« Fur­
ther, to prevent contamination by oxygen or nitrogen, it is 
necessary to carry out heating operations in an inert atmos­
phere such as helium or under vacuum* 
A, Furnaces 
Three types of furnaces were used in this investigation. 
An induction furnace was used to prepare fused and sintered 
alloys, a furnace for direct resistance heating of pressed 
powder compacts was used to determine melting points and in 
mnViTig resistance measurements, and a molybdenum tube furnace 
was used to presinter pressed powder compacts* 
1, Induction ftarnace 
The details of the induction fiirnace used is shown in Fig­
ure 1. The quartz tube has an inside diameter of approximately 
4.6" and a length of 24". With a heater of 2.5" diameter by 
4.75" long packed ti^tly in carbon black a rapid heating rate 
- 10 -
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Pig* 1 — Induction Furnace 
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and a very slow cooling rate could be attained. A slow cool­
ing rate was desirable in preparing alloys to be studied for 
phase regions existing at room temperature. With this furnace 
the tsmperature dropped from 2100 to 1400®C in approximately 
30 minutes, from 1400 tc 1000°C in approximately one hour, and 
then to near room temperature in about 10 hours. All alloys 
referred to as "furnace cooled" in the subsequent discussion 
will be alloys cooled at approximately this rate. This fur­
nace will be referred to simply as an induction furnace. 
2. Furnace for resistance heating 
A furnace for direct resistance heating was designed and 
constructed. The details of the furnace are shown in Figure 
2. In this fxarnace presintered pressed powder compacts 0.25" 
X 0.25'' X 4.0" were mounted between water-cooled copper elec­
trodes and heated under vacuum or a helium atmosphere by pas-s­
ing a high 60 cycle alternating current through them. The 
refractory problem was obviated with this type of furnace. 
The ends of the test bars were clamped between sets of 
heavy copper washers. One set was bolted firmly to one copper 
electrode while the other set was free to slide on top of the 
second copper electrode. At the latter electrode the test 
piece was held firmly between the two copper washers by means 
of two screws which did not extend through the under side of 
the bottom washer. In this way relatively free expansion and • 
contraction of the test piece was provided for as the temper-
OriN M4 T«* f« S/ir MM 
Orii.tM 1*9 l/f e. 
WMl im' Mto 
«. -vw 
Mk«r Qttktl 
r^-
wtti C«lw 
FiMf 
a-vi* 
t/4 CoH*r Tall 
8oie F1ot« lof Vocuum Chamber 
eitiM |I4I •! Mil Mtir (Ml«4 
•ilk <«9»M Mi*4 
y—nifrMtwi lMi4ll«r 
Vt*#Ul MH, 
l«M •Ilk l/4*k«l«. 
Ottoll of Port for L«dd->(n WIrti en4 Vliif of Vocuum CMmbtr 
FiQ. 2— Constrvclion Oetoitt of RtiHtonct Furnoco. 
Plg» 2 — Construction Details of Resistance Furnace 
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ature of the test piece was varied. 
It night be expected that some difficulty would arise due 
to arcing or heating between the sliding contact and the elec­
trode. In order to prevent this from occurring the contact 
surfaces between the electrode and the bottom washer were 
polished to a smooth finish, and a saall copper weight was 
placed on top of the two washers to press the surfaces together. 
Furthermore, the area between the washer and the electrode was 
large relative to other contact areas. Although complete con­
tact was not made over the entire area between the electrode 
and the washer, the resistance was still sufficiently small 
relative to the resistance of the test bar and the resistance 
between the bar and the washers, that no difficulty was 
experienced. However, it was sometimes necessary to retighten 
the screws which clamp the washers to the bar. In case the 
test piece was somewhat distorted, it was necessary to grind 
the ends or use thin copper shims between the washers and the 
test piece in order to bring about alignment and sufficient 
contact between the sliding washer and the electrode. 
The test pieces were given a homogenizing anneal near 
their fusion point. At this temperature the pressure exerted 
by the small copper weight was sufficient to make the sliding 
contact settle down against the electrode surface and bring 
the full area into contact. 
The furnace cover could be bolted firmly to the furnace 
14 -
base, and an inert gas pressure of above or below atmospheric 
could be maintained in the furnace without iziflux of air. 
The usual procedure for filling the system with helium was 
to evacuate the furnace to 5 or 3 microns of mercury pressure, 
then to introduce helium into the furnace to a pressure of one 
atmosphere or less, followed by re-evacuation to near 5 microns 
mercury pressure, and finally to reintroduce helium to a pres-
s\are of somewhat above one atmosphere. The furnace when filled 
with helium was closed off from the rest of the apparatus. 
Expansion and contraction of the helium due to changes in fur­
nace temperatures was provided for by means of a rubber bal­
loon, of the type tised on Fischer gas analysis apparatus, con­
nected to the helium inlet to the furnace. In this way it was 
not necessary to maintain a constant flow of helium into the 
furnace, and the possibility of introducing reactive gases via 
the helium stream was eliminated. 
The helium was purified by passing it over uranium shav­
ings then over thorium metal powder, both maintained at 
500®C. The heliiim was first passed over the uranium shavings 
to remove oxygen and nitrogen. Any moisture present also 
reacts with the uranium shavings with the liberation of hydro­
gen. The helium was then passed over the thorium powder to 
remove the hydrogen and any unreacted oxygen or nitrogen. 
Althou^ thorium powder alone might have been used, it does 
not react as rapidly as uranium with oxygen and nitrogen at 
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this texoperature* 
la the subsequent discussion this furnace will be referred 
to siniply as a resistance furnace. 
3. Molybdenum tube furnace 
A molybdentim tube furnace was used to presinter pressed 
powder compacts in order to render them sufficiently conductive 
to permit their being heated by means of a high current at 
voltages available in the resistance furnace, namely, at 8 
volts or less. 
The furnace was made from a molybdenum sheet 0.010" z 
1.75" X 6". The sheet was rolled into a tube having an inside 
diameter of 0.5" and a length of 6". The seam, formed along 
the length of the tube, was spot welded at several points to 
give the tube rigidity and permanent shape. A molybden\am strip 
O.OIO" thick by 0.5" wide was wrapped around each end of the 
tube and the free ends of each strip bolted to heavy copper 
connectors. This fiarnace could be mounted between the water-
cooled electrodes of the resistance furnace previously des­
cribed and heated electrically. A sketch of the furnace is 
shown in Figure 3. 
B. Preparation of Alloys 
Many of the. alloys studied were prepared by powder met­
allurgy methods. Thorium and graphite powders of minus 30 
mesh particle, size were slightly moistened with carbon tetra-
Pig» 3 — Sketch of Molybdenum Tube Furnace 
(a) 
I 
(b) 
( c )  
Pig, 4 — Steel Dies for Pressing Powder Con5)acts 
(a) - Bar die loaded with powder, and (b) - assembled die 
ready to be pressed* (c) - Die for pressing O.S" diameter 
billets. 
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chloride, then thoroughly mixed and pressed into con5)acts at 
50,000 pounds per square inch pressure in suitable steel dies. 
Thft carbon tetrachloride was added to help prevent seggre-
gation of the powder. The dies used are shown in Figure 4. 
The pressed compacts were then heated in an induction furnace 
in graphite crucibles or mounted between water-cooled copper 
electrodes and resistance heated by a high electric current. 
Alloys were also prepared by heating molten thorium metal 
in contact with graphite at various temperatures for 10 to 30 
minutes. By this method the melt takes up its equilibrium 
content of carbon at the particular temperature. Any excess 
carbon which diffuses throu^ the solid carbide layer which 
forms between the melt and the carbon, precipitates at the 
solid-liqiiid interface, or simply contributes to the growth of 
the solid carbide layer. The center portion of each billet 
was analyzed for carbon content. Temperature—composition points 
on the liquidus curve of the phase diagram for carbon contents 
of,0.19 to 2.25^ were determined in this manner. 
C. Determination of Melting Points 
Melting points of a series of alloys containing up to 14^ 
carbon were determined by Pirani and Alterthum*s (14) method 
which consists of heating a sample in the form of a bar by 
passing an electric ctirrent throu^ it and observing the melt­
ing temperature by means of an optical pyrometer focused on a 
small hole or cavity in the bar. In this investigation, mix­
- 18 
tures of metal and graphite powders were pressed into 0.25" x 
0.25" X 4«0" bars at approxixaately 50,OCX) pounds per square 
inch in & suitable steel die* A small hole 0»039" in diameter 
and O.ISO" deep, drilled with a lon^ tapered point drill in the 
center of the bar noimal to its long axis, was found to approx­
imate black body conditions rather closely. Bars of low carbon 
content were presintered in a molybdenum tube furnace at approx­
imately 1100°C for 5 to 10 minutes, and some of the bars con­
taining more than 5% carbon were presintered at approximately 
1400°C in order to render them sufficiently conductive at 8 
volts or less to be heated electrically. The sintered bars 
were then motinted between water-cooled copper electrodes and 
heated under vacuum or a helium atmosphere. 
A Leeds and Horthrup disappearing filament-type optical 
pyrometer was used in taking temperature readings. The pyro­
meter was calibrated against the melting points of- pressed 
molybdenum and nickel bars by the above procedure. Two bars 
of molybdenum were observed to melt at 2590 and 2580®C. These 
readings were taken throu^ a pyrex glass window and were then 
corrected for absorption by the glass window using the relation 
I/T - l/Tg^ r -0.0000046, developed by Poote, et al. (15), where 
T is the true absolute temperature and T^^ is the apparent or 
observed absolute temperature. The corrected temperatures, 
2628 and 2618°e respectively, are in good agreement with the 
literature value of 2623il0°C (16) for molybdenum. The melt--
ing point of nickel determined in the same way was found to be 
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1448®C, which is in fair agreement with the accepted value of 
1452®C« 
D. Preparation of Samples for Microscopic Examination 
All alloys containing more than 4.O5C carbon react rap­
idly with moisture and cannot be subjected to the usual wet 
polishing procedures. Well sintered O.SS" x 0.25** cross-
section bars are completely disintegrated in ei^t hours of 
exposure to the atmosphere. The sintered compacts are also 
very porous and extremely friable which add to the difficulty 
of obtaining well polished micro structures. The best results 
in polishing these samples were obtained by using fine grit 
emery paper either dry or impregnated with paraffin wax. 
Polishing on a cloth wheel using a carborundum suspension in 
a carbon tetrachloride-wax solution proved fairly satisfactory. 
Alloys containing less than 5m5% carbon can be wet polished 
by the usual procedxires. 
Thorium metal with less than 0.5?o carbon can be polished 
and etched electrolytically with 50:50 glacial acetic and 
orthophosphoric acids. A current density of one aii5>ere per 
square inch has been shown to be suitable for etching thorium 
(17). Quenched samples containing up to 5.5^ carbon can be 
successfully etched with one part concentrated nitric acid to 
two parts methyl alcohol. The addition of 1 to 2% of a satu­
rated aqueous solution of soditno fluosilicate in^jroves the 
•action of this etchant. A similar solution consisting of one 
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part concentrated nitric acid to two parts of 95% ethyl alco­
hol, to which a small amount of sodiiam fluosilicate powder is 
added, can also be used for this purpose. Nitric acid can 
react rather violently with either ethyl or methyl alcohol and 
care should be exercised in working with these solutions. In 
one case, a solution of nitric acid and ethyl alcohol contain­
ing some sodium fluosilicate was observed to explode rather 
violently SLfter standing in an open dish for a number of hours. 
Only a pwan amount of solution was involved and no damage was 
done other than that caused by the solution spattered on the 
ceiling. Thereafter the solutions were freshly prepared and 
then discarded after being used. These two etchants are quite 
slow in their action on pure metal, approximately 15 minutes 
being required to bring out the grain boundaries. The etched 
surface, however, is usally clean and free from films. 
With alloys containing more than 3.5^ carbon, the chief 
difficulty is to prevent overetching by air. 
E. Apparatus for Resistance Measurements 
The purpose for this apparatus was to measure the temper­
ature dependence of the resistance of thorium and of thorium-
carbon alloys. The resistance furnace described above was also 
used in these experiments. The test pieces on which resistance 
measurements were made had approximate dimensions of 0.25" x 
0.25" X 4.0*. These were heated in this furnace by passing a 
high 60 cycle current throu^ them. 
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The method used in making resistance measurements is essen­
tially a potentiometer method wherein the potential developed 
between two probes which make contact with the test piece is 
balanced against a potential developed by the secondary of a 
current transformer whose primary is in series with the test 
piece. A schematic diagram showing the various elements of the 
circuit is shown in Figure 5. 
The secondary of the current transformer is firmly con­
nected with, heavy solderless copper connectors across a l.Oi: 
0.155^ ohm'manganin resistor- Special precautions were taken 
in making these connections since accidental opening of the 
seccnd:iry of a ctirrent transformer when a current is passing 
in the primary will result in the development of a very high 
voltage across the secondary endangering both equipment and 
operator. As shown in the circuit diagram, a 10,9 ohm resis­
tor, a multitap resistor B, and slide wire C, all in series, 
are also connected across the cxirrent transformer in parallel 
with the one ohm resistor. The slide wire is 102 cm long and 
has a resistance of 0.00358 ohms/cm. The slide wire is used 
to find the balance point within close limits while the multi-
tap resistor is used to pick off increments of resistance not 
exceeding the total resistance of the slide wire. The balance 
point is indicated by means of an alternating current galva­
nometer having a sensitivity of 0.06 microaaqperes per milli­
meter deflection and an internal resistance of 39.2 ohms. 
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(0.326 Jfl. EACH) MADE FROM ONE CONTINUOUS PIECE OF 
*16 BaS MAN6ANIN WIRE. 
0- SLIDE WIRE, ^16 BdS MAN6ANIN WIRE, 0.00358 -A./CM., 
102 CM. LONG. 
0- A.C. GALVANOMETER 
E- SHIELD 
Pig, 5 — Schematic Diagram of Circuit for 
Hesistance Measurements. 
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Prom the resistance values given in the circuit diagram 
it is evident that at the balance point the following rela­
tions hold; 
il^ ig s 1/240 
i^ X 1 s ig X 14.52 
and eliminating i]^ these two equations gives 
±2 = 1/240 X 15.52. 
Further, 
iBx : 
or 
z Rg/3641 
where is the resistance of the test piece between the two 
probes and Rg is the resistance between the contact on the 
multitap switch and the contact on the slide wire. The other 
quantities are as indicated on the circuit diagram. 
A change in position of 1.0 cm on the slide wire corre-
sponds to a change in R^j. of 0.983 x 10 ohms. 
1. Probable errors 
In order to balance one alternating voltage against another 
it is necessary that the two voltages be of equal magnitude, 
180° out of phase, and of identical wave form. These require­
ments could be attained rather closely by the above apparatus. 
The current transformer secondary voltage was checked 
against the voltage developed across a number of test pieces 
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over a wide range of current with an oscilloscope, and in no 
case could a difference in wave form or phase angle be detected. 
The accuracy with which the change in resistance with 
temperature can be measured will be limited by the ability of 
the current transformer to maintain a constant current ratio 
and the phase shift introduced by the current transformer. Tha 
current transformer used was a commercial throu^-type switch-
board-transformer with a current ratio of 1200/5, According to 
manufacturers* literature, a transformer of this type with a 
burden of one ohm and a lOOJ^ power factor, will have a ratio 
error well within 1,0^ over a range of 10^ to lOOJ^ of rated 
current, and the phase angle between the primary and secondary 
current over the above range will be 0.5° or less, A discus­
sion of the characteristics of current transformers may be found 
in the ''Standard Handbook for Electrical Engineers" (18), 
In order to visualize quantitatively the error due to a 
small phase difference between two voltages to be balanced, 
consider a voltage B to be balanced by a variable voltage C 
which is 179® out of phase with B, and let a be the unbalanced 
• component or the resultant of the two voltages, then A is given 
>7 
A^ 8 b2+ - 2BC cos 9 
where © in this case is 179®, The change of A with respect to 
C is given by 
^ r (C - B cos e)  /A. 
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At the point at which the galvanometer deflection is a mini-
mm 
• C s B cos e s -0.99985 B 
Therefore, the indicated voltage C required to balance B will 
"be in error by less than 0.025^ when the phase difference be­
tween B and C is 179®, 
The sensitivity of the method will depend on the sensi­
tivity of the g£Llvanometer in detecting the extent of unbal­
ance of the two voltages. As shown in Figure 5, the field coil 
of the galvanometer is energized through a 220/6 volt step-
down transformer coiinected to the 208 volt supply. With test 
pieces of very low resistance, the high current transformer 
supplying current through the test piece is operating at near 
short circuit conditions. Under these conditions a large phase 
angle exists between the current through the galvanometer field 
coil and the current which flows throu^ the suspended coil in 
the galvanometer. For ideal conditions the phase angle between 
the current in the field coil and the suspended coil is 180® 
or 0®. The sensitivity of the galvanometer approaches zero as 
this phase angle approaches 90®. The resistance of the thorium-
carbon test bars used, had a sufficiently high resistance, and 
the galvanometer had sufficient sensitivity to permit detection 
of a Tn^-n^wniwi point without correcting this phase difference. 
Potential contacts to the test piece were made by means of 
two O.OSO** diameter thorium wires. These were bent in the 
shape of an "L", and the short end of each wire was ground to 
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a point. These two points were fitted into two small depres­
sions drilled approximately 1 cm. apart near the midpoint of 
the test bar. The other ends of each wire were fastened by 
mAfina of screw clamps to leads brought np through the base of 
the furnace. Spring tension of the contact wires and the lead-
in wires held the contact points against the test piece. The 
purpose for the depressions was to prevent the contact points 
from moving out of position during heating of the test piece. 
These wires also served to make contact with test bars of hi^ 
carbon content even though the melting point of the test bar 
was far above that for the wires. On slowly heating to hi^ 
temperatures, carbon from the test piece diffused (ij^o the 
contact points raising their melting temperatures. This effect 
and the high temperature gradient existing along the wire made 
it possible to use these contacts up to the melting tempera­
ture of all the alloys studied. The contact wires were used 
many times, and the net decrease in carbon content of the test 
bar due to diffusion was considered negligible. New wires 
uncontaminated with carbon, however, were used when tests on 
the pure metal were made. Small direct currents, due. to con­
centration gradients in the ^rires or due to connecting the 
thorium wires to a dissimilar metal in the furnace, do not 
cause serious complications in this method for measuring the 
resistance. The net effect of a direct current component 
throu^ the galvanometer would be a fuzzy spotli^t image. The 
same effect is produced with an alternating component of cur­
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rent 90® out of phase with the current in the field coil. 
In order to keep leakage currents and stray induced volt­
ages to a minimom, all connections to the measuring circuit 
and to the furnace contacts were made through shielded cable. 
A sheet iron shield was placed under the slide wire and gal­
vanometer, and this in turn was connected electrically to the 
steel frame supporting the furnace and to the steel housing 
of the input transformer. One side of the input to the bal­
ancing circuit was grounded to the shield. 
2. Automatic recording equipment 
Resistance measurements with the manually operated appa­
ratus were tedious and time consuming. With an average heat­
ing rate of about five degrees per minute, a heating and cool­
ing run usually required ten to sixteen hoxars. A much slower 
heating rate was desired. An attempt was therefore made to 
adapt the above method to automatic recording and control 
instruments. 
A hi^ speed direct current Brown Electronik recording 
potentiometer was adapted to record changes in resistance. 
For this purpose, circuit diagrams and manufacturer's liter­
ature (19), as well as other pertinent information were ob­
tained from the Brown Instrument Company. The changes made 
in the input and measuring circuits of the instrument are shown 
in Figure 6. The multiple pole double-throw switch shown in 
the circuit diagram was installed to facilitate conversion of 
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CONVERTER 
AMPLIFIER 
A.CL 
I ^ aa '—2_ 
NOTES 
Rj- 10.12 , Rg- 10.52 , R3- 10.13, OHMS 
R^- II RESISTORS IN SERIES, TOTAL 
RESISTANCE 10.55 OHMS 
Rg- 1.00 OHMS 
Rg-I-OAO OHMS 
Ry-INSTRUMENT SLIDE WIRE, LENGTH 
IN TERMS OF SCALE DIVISIONS IS 32 
CONVERTER (VIBRATOR) REMOVED FOR 
A. C. MEASUREMENTS. 
OTHER ELEMENTS ARE STANDARD RECORDER 
ELEMENTS 
Pig» 6 — Schematic Diagram for Input and 
Measuring Circuits of Automatic Recorder. 
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the Instrmeat from an alternating cxsrrent potentiometer back 
to a standard direct current potentiometer should it be desired 
to do so» When used as an alternating current potentiometer, 
the instrument vibrator was removed. The multitap resistor 
shown was used for the same purpose as the m'oltitap resistor 
used in the manually operated potentiometer, namely, to 
change the "range of the instrument. 
Other automatic controls and equipment used in conjunc­
tion with the recorder are shown schematically in Figure 7. 
As indicated in this diagram, the range of the automatic resis­
tance recorder is changed by means of a small reversing motor 
which is connected to the shaft of the multitap resistor. The 
connection between the shaft of the motor and the shaft of the 
resistor is made throu^ a stiff spring which serves to give 
a snap action to the movable contact. As the pen travel of 
the instrument reaches fiill scale, a small protruding arm fas­
tened to the pen carriage trips a small "snap switch" which 
starts the motor in a clockwise direction. The motor drives 
the contact on the multitap resistor to the next point of 
hi^er potential or higher resistance. As soon as the change 
in position is made, the instrtoaent pen moves rapidly down 
scale to its new balance point, the "snap switch" is released 
and the motor stops. The resistance between contacts on the 
multitap switch is approximately less than tha effective 
resistance of the slide wire, so the new balance point is above 
X Y 
TEMPERATURE 
RECORDER AND 
CONTROLLER 
AMPLIFIER 
(, MOTOR) 
Oi w 
( MOTOR ) 
-vJUnULr-CjUULIL^  
0) 
O 
MULTITAP RESISTOR 
Pig« 7 -- Sohomatio Diagram of Automatic Recording Apparatus. 
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the zero point of th« slide wire. A similar "snap switch" is 
aounted at the down scale end of the slide wire which starts 
the motor in the opposite direction. If the pen travels down 
scale, as is the case when the resistance of the test piece is 
decreasing, a similar sequence of operations take place when 
the pen reaches the end of the scale and the contact on the 
multitap resistor is moved to the next position of lower poten­
tial. 
With a large phase angle between the supply voltage to the 
recorder and the voltage to the measuring, or input circuit, 
the sensitivity of the instrument is quite low. To eliminate 
this decrease in sensitivity, a means for changing the phase 
angle of the supply voltage to the recorder was provided. Two 
autotransformers were connected in series across the main 208 
volt supply with the series connection tied to ground or neu­
tral. Each side of the 208 volt supply was 120 volts above 
ground with a phase angle of 120° between the two voltages. 
By taking the input voltage to the recorder from the two slid­
ing contacts on the autotransformers, the supply voltage and 
voltage to the measuring circuit could be brou^t in phase. 
This was accomplished by observing the phase relation with an 
oscilloscope. The phase angle was corrected at the beginning 
of each run. Changes in phase angle during a run were not of 
sufficient ma^itude to require correction. 
As the temperature of the test piece was increased, the 
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voltage to the n»asuring circuit as veil as the input voltage 
to the amplifier increased quite rapidly. In seme cases it 
was therefore necessary to cut down the amplifier gain to pre­
vent "hunting" at the balance point by the instrtiment. 
A chromel-alumel thermocouple placed near the center of 
the test piece, but not in direct contact with it, was used 
in conjunction with a Brown automatic temperature recorder 
and program controller connected to the input autotransformer 
to regulate the increase or decrease of the temperature of 
the test piece. The temperature of the test piece could not 
be increased or decreased continuously, partly because of the 
limited number of turns on the autotransformer and partly 
because of the lag between the temperature of the thermocouple 
Junction and the test piece. Under these conditions oscilla­
ting temperature regulation was obtained. To prevent this, 
the controller circuit was altered so that it served-only to 
increase the input to the furnace on heating runs anrt decrease 
the input on cooling runs. In this way a step-wise control of 
the temperature was obtained. The steps varied between 10 and 
25 C at temperatures above 750^0. Below this temperature the 
steps were somewhat larger. 
^he test piece at 750^0 or above, the indicated or 
recorded temperature of the thermocouple Junction was found to 
be nearly a linear function of the tea^erature of the test 
piece. During either heating or cooling cycles, a nuinber of 
tenperature readings •arere .taken with an optical pyrometer and 
for each reading. Prom these data a plot of thermocoaple ten^)-
erature versus test piece teiEperature was aade and used to 
extrapolate intermediate temperatures. 
The three resistors labeled Rg and R3 in Figure 7 
•were used to change the indicated resistance per division on 
the recorder scale. The scale of the recorder and the strip 
chart are divided into 50 equal divisions. This is the same 
scale and strip chart used with the standard 0-50 millivolt 
recorder. From the values of the resistances in the measuring 
circuit, as shown in Figure 6, and from the known length of 
the-slide wire and scale, it can be shown that a change of one 
division on the slide wire corresponds to the changes in the 
measured resistance shown in Table I. 
Table I 
Equivalent Measured Resistance per Slide-Wire Division 
With Various Resistors Short-Circuited 
the recorded temperature of the thermocouple junction noted 
Resistors 
Short-Circuited 
Measured Micro-chtrs/per 
Scale Division 
Sone 1.92 
Rl • 
Rl, R2 
1^' 3^ 
2.51 
3.67 
6.62 
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All leads to the input and measxiring circuits of the 
recorder were shielded and one side of the input transforaer 
was grounded to the shield. 
The operation of the recorder was checked hj siaking tests 
on a 200 as^iere, 50 millivolt shunts The shunt was connected 
across the copper electrodes in the furnace. The potential 
cont&cts &nd other connections were made to simulate actual 
operating conditions as closely as possible. With none of the 
resistors, ^2' shorted out, recorder readings were 
taken as the current through the shunt was varied from 24 to 
. 255 amperes. The recorder reading di^ not remain constant as 
would be expected with a constant resistance connected between 
tne potential leads. The shunt resistance, as indicated by 
the recorder, varied from 250 to 257 micro-ohms. Similar read­
ings were taken with the resistors, and H3, shorted out 
in the sequence given in Table I. The indicated resistance 
over this range of measurements was found to vary from 250 to 
267 micro-ohms. Assuming the true resistance to be 250 micro-
ohms, the variation in the indicated resistance is appro:ximately 
6.8^. This was far too large a variation to be explained on 
the basis of changes in current ratio or actual changes in the 
snunt resistance. It was assumed that the observed increase 
in resistance with current was due to induced voltages. To 
check tnis interpretation, a copper bar with a uniform cross-
section of 0.402 cm^ and 10.2 cm long was next used to check 
the recorder. The copper bar was mounted in the furnace and 
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connections made in the manner shown in Pij^ure 8a. A chrome 1-
alumel thenrrocouple embedded in ttie sides of the bar was used 
to measure any increase in the temperattire of the bar. The 
current through the test piece was varied from about 24 to 
1100 amperes. The indicated resistance was found to be high 
by a factor of about two to four. The cause of this error 
was found to bs due principally to induced voltage in the poten­
tial leads in the furnace. The leads were brought up through 
the one-inch steel plate furnace base as shown in Figure 8a. 
;/ith the leads in this position, it is evident that the mag­
netic field set up by the two copper electrodes will induce an 
additive emf in ths two leads. The leads were therefore rear­
ranged as shown in Figure 8b. In this position the induced 
voltages in ths two leads -should oppose each other and tend 
to cancel. This was fojnd to be the case and much more rea­
sonable values were obtained for the measured resistance. 
To further check the effect of induced voltages, the 
effect of variation in current on the zero point reading of 
the instriiment was measiared. The potential leads to the instru­
ment were disconnected and the input to the amplifier short 
circuited. The current thcough the copper bar was varied from 
about 24 to 1100 aa^jeres and the change in zero point reading 
noted. As the current was increased from about 15 to 120 
amperes, the observed increase in zero point reading was 0.8 
divisions with Rg R5 shorted out and approximately 1.8 
divisions with none of the resistors shorted out. As the cur-
• 36 — 
(b) 
Pig. 8 — Airaijgement of Potential Contacts to Test 
Bar. (a) With lead-in wires symmetrically located on one 
side of the bar the induced emf in the wires is high, 
(b) With lead-in wires on opposite sides of the bar the 
effective induced emf is low. 
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P633it W8ls further locre&sdd from X20 to 11.00 aaperes^ the zero 
point reading increased another 0,05 divisions with ^ and 
shorted out and approximately 0»2 divisions with none of 
the resistors shorted out. These observations indicated pick­
up by the amplifier within the instrument as the voltage to 
the measuring circuit was increased, 
Hatiier than try to correct this situation, it was de­
cided to calibrate the instrument zero point and then correct 
the instrument readings. To do this, the potential leads to 
the recorder were reconnected and the probes or contacts to 
the test piece tied together in the furnace in order to include 
any variations due to induced voltages in the contact wires 
in the furnace and leads to the furnace. With R^, Rg and R^ 
shorted out, the zero point reading increased 0.40 divisions, 
and with none of the resistors shorted out, it increased 
approximately 1.0 divisions, as the current was increased to 
1100 amperes. Most of the increase took place as the current 
was increased to about 350 amperes. At higher currents the 
recorder readings remained essentially constant. 
The specific resistance of the copper bar, as calculated 
from the corrected recorder readings was found to be 1.83 
micro-ohm-cm at 25®C. This agreed fairly well with the spe­
cific resistance, 1.81 micro-ohm-cm, as determined with a 
Kelvin bridge at.25°C. 
The change in resistance with temperature in terms of 
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scald divisions for most of the alloys studied varied from 
about 100 to 450 divisions. The error due to induced voltages 
is small when distributed over the range of measurements of 
any one znm. 
The effect of the difference in phase angle between the 
supply voltage to the instrument and the voltage to the meas­
uring circuit was also measiired over a wide range of cxzrrent. 
A phase angle difference of up to approximately 20° produced 
no appreciable change in recorder reading. It did, however, 
reduce the sensitivity of the recorder. As the phase angle 
was increased further, there was a gradual increase in record­
er reading, and the recorder became very sluggish in reaching 
a balance point. The recorder was considerably more sensitive 
to changes in phase angle when a large out-of-phase component 
existed in the input to the aiiQ>lifier as was the case before 
the position of the leads into the furnace were changed. 
A direct current voltage of 100 millivolts across the 
input of the amplifier had no effect on the recorder reading. 
The same voltage connected in series with the alternating cur­
rent input likewise gave no change in recorder reading. 
Since the sensitivity of the recorder is in part deter­
mined by the potential drop per unit length of slide wire and 
the input voltage, the sensitivity of this method is greatest 
at hi^ temperatures. 
The automatic recording and control apparatus is shown in 
Figure 9. 
Pig* 9 — Automatio Apparatus and Reslstanoe Furnace, (a) Multltap 
switch and reversing motor, (b) Resistance recorder, (c) Resistance 
furnace, (d) Current transformer, (e) High current transformer, (f) 
Temperature recorder and controller* 
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V. EXPSRIMEHTAL RESULTS 
A tentative phase diagram of the thoriiim-carbon system 
as constructed from metallographic. X-ray, and melting point 
data is shown in Figure 10. 
A. Diffiasion Studies 
The purpose of these studies was to obtain evidence for 
the one-phase regions in the thorium-carbon system at various 
temperatxires• The diffusion bands, or layers formed by heat­
ing two components of a binary system in contact with each 
other will correspond, in the order of their occurrence, to 
the single-phase regions of the phase diagram at the tempera­
ture and pressure at which the diffusion bands are formed (20). 
Evidence of the phases to be expected was obtained by 
observing the diffusion bands formed between the metal and 
carbon on heating thorium metal in a graphite crucible under 
vacuum in an induction furnace at 2100 to 2180®C for 22 min­
utes. Since the carbides of thorium are extremely brittle 
and friable, it was difficult to hold the carbide formed be­
tween the metal and crucible intact during, polishing operations. 
To eliminate this difficulty, a small graphite rod was sup­
ported in the center of the melt and the diffusion bands 
formed around the graphite rod. were firmly held in place by 
the surrounding iaetal. The structures of the bands obtained 
are shown in Figure 11. The curvature of the graphite rod is 
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Pig* 10 — Tentative Phase Diagram of the 
Thorium-Carbon System. 
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Pig. 11 — Diffusion Bands of Carbide Pormed 
by Heating Thoriiaa in Contact With Graphite at 
2105 to 2180 C for 22 Minutes, Furnace-Cooled, Air-
Etched, X 100. ' 
Pig. 12 
Z 100. 
— Typical Structure of ThC2, Air-Etched, 
- 43 -
evident at the extreme left side and the direction of decreas­
ing carbon content is from left to ri^t. The banded struc­
ture of the innermost region of the first shell is character­
istic of the structure of the dicarbide (see also Figure 12). 
The banded structure of the dicarbide. Figure 11, merges into 
a region with a lamellar structure extending up to the first 
demarcation line, indicating appreciable decrease in solid 
solubility of the monocarbide in the dicarbide on cooling to 
room temperature. The adjacent region shows a wide single-
phase area of monocarbide partially darkened by the action of 
atmospheric moisture. This region gradually merges into an 
area showing a spheroidized precipitate of thorium, and with 
decreasing carbon content into a region showing a lamellar 
structure consisting of nearly equal amounts of the mono­
carbide phase and thorium, and finally to an area of mono­
carbide phase in a thorium matrix. The thorium phase and the 
monocarbide phase are both solid solution phases. 
This interpretation was substantiated by X-ray analyses 
and microhardness measiarements. The dark outer layer, in­
cluding the dicarbide and the darkened region of the mono­
carbide, is readily removed from the rest of the sample. 
X-ray analyses of this material showed only two phases present, 
the monocarbide with a lattice constant of 5.33g 2 and thorium 
dicarbide. Microhardness tests of the li^t and dark phases 
on jeither side of the fine lamellar region gave values indi­
cating only two phases. The fine lamellar region, however. 
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gave iiardaess values which were hi^er than that obtained on 
the two phases existing on either side of it. The possibility 
of a third phase was suspected, but no confiriaing evidence 
for its existence was found. X-ray analyses of alloys with 
this structure gave evidence of only two phases, namely the 
metal and monocarbide. 
Figure 13 shows the structure of a sample heated between 
1860 and 1880®C for 20 minutes in the same way and then 
quenched in oil. Although quenched, the dicarbide still 
exhibits a band structure similar to the dicarbide in the 
furnace-cooled sample. In between the dicarbide layer and the 
light area at the ri^t is a dark one-phase area which appears 
to be a distinct band. This is believed to be due to the 
action of atmospheric moisture and that the dark one-phase 
region is a continuation of the lighter area. Figure 14 
shows the same region etched with 1 nitric acid-2 ethyl 
alcohol-sodium fluosilicate solution. The boundary between 
the melt and the first diffusion band is clearly discernible. 
It is evident that partial precipitation still took place in 
the one-phase regions formed at the diffusion temperature. 
Diffusion bands obtained at other temperatures in the 
range of 1750 to 2400°C gave no indications of any other 
one-phase regions. 
Attempts to obtain diffusion bands between the metal and 
carbon at 1400®C and at 800®C by heating at these temperatures 
- 45 -
Pig, 13 — Diffusion Bands of Carbide Formed by 
Heating Thorium in Contact With Graphite at 1860 to 
1880®C for SO Minutes, Oil-Quenched, Air-Etched, 
X 250. 
Pig* 14 — Same Sample as Shown in Fig, 13, 
Etched With 1 Uitric Acid-2 Ethyl Alcohol-Sodium 
Pluosilicate Solution, X 100, 
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for 48 liours proved unsuccessful. The reason for this is 
believed to be due to the formation of an oxide film on the 
metal surface as well as due to a low rate of diffusion* 
Determination of Liquidus Line 
A series of alloys was prepared by heating thorium 
metal to ten^jeratures above its melting point in graphite 
crucibles under vacuum. The center portion of each billet 
was analyzed for carbon content. The results obtained are 
given in Table il. 
Table II 
Equilibrium Carbon Content of Thorium leated in Contact 
With Graphite 
San5)le Temp, Time at Per Cent Rockwell 
No, Temp, Minutes Carbon Hardness 
1 1770-1825 29 0,3 73B 
2 1825-1850 30 0,2 eSB 
3 1860-1880 20 0,3 
4 1870-1970 20 0,6 91B 
5 2105-2180 22 1,0 98B 
6 2125-2205 17 1,0 97B . 
7 2150-2250 9 1,1 
8 2350-2435 11 2,2 25C 
In most cases the melt was furnace-cooled to room tem­
perature, Polished cross-sections of the samples showed no 
major segregation of the carbide first precipitated from the 
melt. This was further checked by quenching two samples 3, 
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and 7, from t3ie temperattire to which they were heated. The 
carbon analyses obtained were found to be consistent with the 
other data as given in Table II. These data then represent 
temperature-coniposltion points on the liquidus line as shown 
in Figure 10, 
1. Kicrostruct"ures of fused alloys 
1 
•The micro structures of the central region of fused alloys 
prepared, as described above, are shown in Figures 15 through 
19. Prom Figure 15 it is evident that the solid solubility 
of carbon in thorium at room temperature is appreciably less 
than 0.35^. The structures in Figures 15 and 16 of l^o alloys 
containing 0.3 and 0.6$^ carbon, respectively, show no evidence 
of primary dendrites of carbide, the carbide present being in 
the ^ orm of needles or plates scattered throu^iout the grains 
and at the grain boundaries indicating precipitation from the 
solid state. An alloy containing 1.0^  carbon. Figure 17, 
shows areas of carbide in thorium-rich matrix. The same sam­
ple after etching. Figure 18, shows evidence of precipitation 
in the solid state from both the carbide-rich phase and the 
thorium phase, indicating appreciable decrease in mutual 
solid solubility of the two phases on cooling to room temper­
ature. 
The structure shown in Figure 19 of an alloy containing 
2.25^ carbon indicates coprecipitation of nearly equal amounts 
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Pig, 15 — Posed Saa5)le, 0.3^ Carbon, Prom Center 
of Thorium Billet Heated at 1770 to 1825®C for 19 Min­
utes in Contact With Graphite, Pia'nace-Cooled, Unetched, 
X 100. 
Pig. 16 — Fused San^ le, 0.6^  Carbon, Prom Center 
of Thorium Billet Heated at 1870 to 1970®C for 20 Min­
utes in Contact With {5?aphite, Furnace-Cooled, Unetched, 
X 75. 
Pig. 17 — Fused Sample, l.C^ Carbon, Prom Center 
of Thorium Billet Heated at 2105 to 2180®C for 22 Min­
utes in Contact With (S?aphite, Purnace-Cooled, Unetched, 
X 250. 
Pig. 18 —• Same Sample as Shown in Pig. 17, Etched 
*Electrol3rtically With 50:50 Orthophosphoric and GSlacial 
Acetic Acid at a Current Density of Approximately 1 
Anqpere Per Square Inch, X 250. 
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Pig* 19 — Fused Sample, 2«2^ Carbon, From Center 
of Thoriiam Billet Heated at 2350. to 2435®C for 11 Min­
utes in Contact With Graptiite, pSirnace-Cooled, Air-
Etched, X 100, 
Fig» 20 — Sintered Alloy, 1»8^ Carbon, Heated at 
1900°C for 3 Minutes, Pumace-Cooled, Air-Etched, 
X 100. 
^Fig. 21 — Sintered Alloy, 2.6^ Carbon, Heated at 
1975 C for 3 Minutes, Piu?nace-Cooled, Air-Etched, 
X 100. 
Pig. 22 -- Sintered Alloy, 4.1$^ Carbon, Heated at 
2110®C for 10 Minutes, Furnace-Cooled, Air-Etched, 
X 250. 
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of thorium-rich. zaonocarbide-rich phases. The large light 
regions are interpreted as thorl"an-rich areas formed diaring 
solidification. This st3?ucture corresponds fairly well with 
the fine lamellar structure formed in the diffusion band 
shown in Figure 11. 
C. Sintered iU.loys 
Alloys were also prepared by heating pressed powder 
compacts in graphite crucibles under vacuum in an induction 
furnace and then either quenching or slowly cooling to room 
temperature. The cooling rate was approximately the same as 
that described for the fused alloys. In the quenching 
experiments helium was introduced into the system, the vacuum 
head removed and the crucible' was then removed and completely 
sulanerged in oil. Sintered or partially fused alloys were 
also obtained by passing a hi^ electric cxirrent through 
pressed bars in the process of making melting point determi­
nations. In most cases heating was carried out in a helium 
atmosphere and at the melting temperatiire the bars usually 
melted in two, the sanqple thus cooling rapidly to room temper­
ature. 
Sintered alloys containing 1.8 to about 3.^ carbon 
furnace-cooled to room temperatiire show varying degrees of 
precipitation of thorium or of the monocarbide phase as shown 
in Figures 20 and 21. Figure 20 shows monocarbide (dark phase) 
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precipitating at the grain boundaries and within the grains, 
whereas Figure 21 shows thorium precipitating at the grain 
boundaries and within the grains. These structures may be 
explained on the basis of two solid solutions cooled slowly 
through opposite boundaries of an imniiscibility gap as shown 
in Figure 10, Alloys containing 3,8 to 4.92^ carbon are one-
phase alloys at room tenQjerature. A characteristic struc­
ture is shown in Figure 22. The black areas in this figure 
are principally voids. 
Microstruetures of compacts heated at about 1900®C for 
approximately 10 minutes and then quenched in oil show that 
the alloys containing from 4.92 to about 2.6?^ carbon are 
one-phase at this temperature, while alloys near 1^ carbon 
appear to be two-phase (see Figures 23 and 24). The latter 
alloys have a coarse gramilar eutectoid-type structure which 
may have resulted from precipitation due to an insufficiently 
rapid cooling rate. The structures of alloys obtained as a 
result of melting point determinations give evidence that all 
alloys containing up to 4.92^ carbon are one-phase at near 
their melting temperatures. Microstructures of many of .these 
alloys show two-phases, but one of these phases evidently 
resulted from precipitation or decomposition in the solid 
state, indicating that the cooling rate was insufficiently 
rapid to hold the high temperature form (see Figures 25, 26, 
and 27). Figure 28 shows the structure of the 1.1^ carbon 
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Fife•23 — Sintered Alloy, 2,6% Carbon, Oil-
Quenched Prom 1900®C, Unetcbed, X 250. 
Pig# 24 — Sintered Alloy, 1«0^ Carbon, Oil-
Quenched Prom 1900°C, 1 Part fiitric Acid to 2 Parts 
Methyl Alcohol Etch, X 250. 
Pig. 25 — Sintered Alloy, l.ljC Carbon, Cooled 
in Helium Prom 2010®C, Unetched. 
Pig. 26 — Sintered Alloy, 1.3^ Carbon, Cooled 
in Helium Prom 2025®C, 1 Part Mtric Acid to 2 Parts 
Methyl Alcohol Etch, X 250. 
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alloy shown in Figure 25 after annealing at approximately 
1800^ 0 for five minutes and furnace-cooling to room teii5)era-
ture* A very large decrease in solid solubility is evident. 
The annealed structure resembles very closely that of a slowly 
cooled fused alloy of the same composition. 
In the region between 4.92Jo carbon, composition of ThC, 
and carbon, composition of ThC2* the alloys cooled 
rapidly in helium from their melting temperatures show struc­
tures indicating that this is also a one-phase region at 
elevated temperatures (see Figures 29, 30, and 31). All 
alloys in this region are two phase alloys at room teug^era-
ture. The two phases have been identified by X-ray analysis 
to be ThC and ThCg* The lattice spacings correspond very 
closely to those for the pure con^jounds showing no appre­
ciable mutual solid solubility. The Iremperatures at which 
these alloys change from one-phase to two-phase alloys have 
not been established. Attesgsts to hold the high temperature 
form by quenching proved unsuccessful. Figure 32 shows the 
structure of a sintered 7.2^ carbon alloy slowly cooled to 
room temperature and Figure 33, the structure of an B.C^ 
carbon alloy after annealing at 1625^0 for 60 minutes and 
rapidly cooling to room temperature in a helium atmosphere. 
Thorium dicarbide and graphite form a eutectic at 
approximately 12.6^ carbon melting at 2500± 35®C. This 
eutectic has been established from melting point determina-
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Pig. 27 — Sintered Alloy, 2,10 Carbon, Cooled in 
Helium Prom 2085°C, 1 Part Mtric Acid to 2 Parts Methyl 
Alcohol Etch, X 250. 
Pig. 28 — Sanae Sample as Shown in Pig. 25, 
Annealed at 1800 C for Approximately 5 Minutes and 
Piirnace-Cooled to Room Temperature, Unetched, X 250. 
Pig* 29 — Sintered Alloy, 5,1^ Carbon, Cooled in 
Heliijm Prom 2605 C, Air-Etched, X 250. 
Pig. 30 — Sintered Alloy, 6.1^  Carbon, Cooled in 
Helium Prom 2615®C, Air-Etched, X 250. 
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Pig. 31 ~ Sintered Alloy, 8.0^ Carbon, Cooled in 
Heiiim Prom 2655®C, Air-Stcbed, X 250. 
Pig. 32 ~ Sintered Alloy, 7.25^ Carbon, Heated at 
2400°C for 21 Minutes and Furnace-Cooled to Room Tem­
perature, Air-Etched, X 250. 
Pig# 53 — Same Sample as Shown in Pig. 31, 
Annealed at 1625°C for 60 Minutes, Air-Etched, X 250. 
Pig. 34 — ThC2->C Eutectic Containing Approx­
imately 12.6^  Carbon, Purnace-Cooled, TJnetched, X 100. 
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tions and the microstrueture of alloys obtained. Pressed 
compacts corresponding to the composition of ThC2 when heated 
in contact with graphite were observed to melt at between 
2500 and 2535°C» The resulting eutectic structure formed is 
shown in Figure 34. Evidently the melting point of this 
eutectic was also observed by Prescott and Hincke (10) by a 
similar procedure but mistaken by them as the melting point 
of the dicarbide. 
D. Melting Points 
Melting temperatures of thorium-carbon alloys were 
determined by Pirani and Alterthum*s method as previously 
described. The results obtained are given in Table III. 
A considerable variation in the melting point of the 
metal, containing 0.095^ carbon, was observed as shown in 
Table III. This variation is believed to be due principally 
to contamination by small amounts of oxygen and nitrogen in 
the process of determining the melting point. The samples 
melting at 1695 and 1780^0 were cold rolled from a thickness 
of approximately 0.25" to 0.035" and 0.073", respectively, 
before appreciable cracking along the edges of the samples 
took place. This showed that the lower melting sample was 
more ductile and therefore probably contained less impurities. 
To further check this point, the two rolled strips were 
annealed at 800°C for one hour and the electrical resistance 
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Table III 
Melting Points of Tlioriiain-Carbon Alloys 
Per Cent Melting Point Per Cent Melting Point 
Carbon C Carbon ®c 
0.09 1695 1.3 2025 
0,09 1710 
0.09 1710 1.5 2140 
0.09 1745 
0.09 1780 1.6 2165 
0.24 1785 2.1 2200 
2.2 2245 
0.35 1850 
0.35 1835 3.1 2455 
0.46 1860 4.1 2560 
0.59 1960 4.9 2625 
0.59 1900 5.0 2620 
0.59 1915 5.1 2605 
0.59 1910 5.2 2605 
0.59 1905 
6.1 2615 
0.71 1910 
0.71 1930 7.3 2635 
0.85 1975 8.0 2655 
0.85 1940 
0.85 2000 9.4 . 2655 
0.85 1980 9.4 2660 
0.96 2030 11.9 2545 
1.1 1985 14.9 2500 
1.1 2035 
1.1 2085 
1.1 2010 
1.1 2055 
1.1 2015 
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and hardness coa^jared. The metal with a melting point of 
1695®C ga7e the Xovest value for both of these properties* 
The best value for the melting point of the metal is there­
fore considered to be approzimately 1695®C« Thompson (21) 
observed values for the melting point of electrolytic thori\am 
ranging from 1572 to 1695®C and for calcium—reduced thorium 
values of 1712 to 1739®C. 
The effect of nitride and oxide on the melting point 
of the metal is xancertain. Both the mononitride and the 
oxide have very high melting points. Uorton (22) gives 3030®C 
as the meltiisg point of pure thoria* Thorium mononitride 
melts with partial decomposition at approximately 2630®C (23), 
The variation in melting point determined by the above method 
may be due in part to the presence of oxide and nitride films 
at the grain boundaries or on exposed surfaces. These films 
unless dissolved by the metal would tend to prevent the metal 
from flowing into the small cavity in the bar, and the true 
melting point would not be observed. Relative to this point, 
Pietenpol and Miley (24) made some interesting studies on 
the effect of surface films on the temperature at which metal 
wires may be heated before they melt in two. In the case of 
lead they were able to heat a wire in air several hundred 
degrees above its melting point before the surface film 
ruptured. 
In order to check the probable effect of oxide atv^ nitride 
on the melting.point of the metal, a number of tests were made 
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on metal containing added ThO^ ThH. 
Finely divided thoria, made by decomposing very pure 
thoritua oxalate, was used in preparing Th-ThOg mixtures. The 
residual carbon content of the calcined oxalate was 0,0645^ . 
Eleven samples in which the added thoria content was varied 
from 0»25 to 50.0^ all gave melting points in the range of 
1740 to 1780®C» The sample containing 50.05^ thoria was fur­
ther heated, after the hole filled with melt, to 2620°C 
before the bar melted in two. At this temperature a large 
center portion of the bar fell to the cold furnace base. 
X-ray analysis of the sample quenched in this manner showed 
only two phases present, ThOg with a^ - 5.59 % and thorium 
with a^ s 5.10 £. It may be concluded, therefore, that the 
solid solubility between the metal and the oxide is small 
even at very hi^ temperatures. Microstructures also indicate 
very little solid solubility. 
The nitride used in preparing Th-ThH mixtures was 
obtained by passing ammonia over the powdered metal at 
approximately 900°C. The product obtained had a rather light 
maroon color and a nitrogen content corresponding approx­
imately to the formula ThN-j^^g^ line samples in which the 
ThK content, added as ThN|]_^ 2> varied from 0.6 to 25.35^  
all melted in the range of 1770 to 1855®C. With 31 and 60^  
ThlT, the observed melting points were 1905 and 2185°C, respec­
tively. Another sample containing 6A% ThN was heated to 
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2345°C before the hole filled with melt. At this tempera­
ture a large section of the bar fell to the water-cooled fur­
nace base. The quenched material gave an X-ray powder diffrac­
tion pattern showing two face-centered cubic phases. These 
were identified as thorixam with a^ z 5.14 S and thorium mono-
nitride phase with a^ ~ 5.18 £. A micros true ture of this 
sample revealed that the initial nitride added had not been 
coii5)letely dissolved. The total heating tine for this test 
bar at above 1600®C was approximately 42 minutes. A longer 
heating period might have resulted in a hi^er degree of 
solubilil^ between the nitride and the metal. Microstruc-
tin'es further indicate a rapid decrease in solid solubility 
with decrease in tesqperature. The undissolved nitride is 
readily detected as a bright golden yellow phase in the 
microstructure. 
It is evident from these observations that both the 
nitride and oxide increase the observed melting temperature 
of the metal. 
Another factor which may be considered to contribute to 
variations in the observed melting temperatures of alloys is 
the reaction between the carbide and oxide initially present 
in the metal. At temperatures of 1900°C or above, part of 
the carbon added is lost as carbon monoxide. No atten^Jt was 
made to correct the observed results for loss of carbon due 
to this reaction. Furthermore, the pressed compacts remain 
- 61 
quite porous up to the melting temperature, and the first melt 
does not necessarily flow or concentrate in the small hole 
drilled in the bar with the resialt that the observed melting 
temperature may be expected to be higher than the correspond­
ing solidus tes^jerature. 
The results obtained are plotted in Figure 10, Two melt­
ing point maxima were obtained at 4.92 and 9,59% carbon, cor­
responding to the composition of ThC and ThC2. 
E. X-ray Analyses 
Alloys prepared by powder metallurgy methods in which stif-
ficient carbon was added to give a composition of 4.92^ carbon, 
the composition of ThC, gave X-ray powder diffraction patterns 
corresponding to a sodium chloride-type structure with a lat-
0 
tice constant of 5«34 A» X-ray studies of furnace-cooled 
alloys showed the lattice of this phase to vary from 5.29 to 
o 
5.34 A, confirming the wide solid solubility range of thoriiam 
in the mpnocarbide as observed metallographically. Alloys 
quenched in a helium atmosphere from their melting temperatures, 
or oil-quenched from 1900°C, did not show a continuous change 
in the lattice constant. The largest lattice constant measTired 
o 
for a metal-carbon solid solution was 5.15 A and the smallest 
lattice constant for a monocarbide-metal solid solution was 
o 
5.26 A. Microstructures, however, indicate complete solid 
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mlsclbllity between the metal and thoriiim at elevated tempera­
tures. 
A well annealed alloy containing carbon showed two 
o 
phases to be present, the monocarbide with a^ - 5.34 A and the 
dicarbide. The X-ray spacings for the dicarbide were in very 
close agreement with those observed for san^jles containing 
9.38^ carbon, the composition of the dicarbide. It may there­
fore be concluded that there is little mutual solid solubility 
between these two canpounds at room temperature. 
Since microstruct\ires show that the monocarbide and the 
dicarbide form a coaqplete series of solid solutions at hi^ 
temperatures, it was assumed that the dicarbide probably trans­
forms from a cubic structure to a pseudo tetragonal structure 
on cooling to room temperature. In an attempt to hold the high 
tenperature form, a molten sample containing excess graphite 
was quenched in oil from 2700®C. The quenched sample gave a 
diffraction pattern corresponding closely to that of the com­
pound furnace cooled to room temperature. A few extra lines 
identified as graphite maxima were also observed. It may be 
concluded from this evidence that the dicarbide either trans­
forms very rapidly or retains its room temperature form at very 
high temperatures, also that the dicarbide holds little or no 
graphite in solid solution on cooling to room temperature. 
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An X-ray powder diffraction pattern of the dicarbide taken 
at 600®C in a high, temperatxjre camera also showed no change in 
structtire« 
Single crystals of dicarbide were prepared by heating 
metal in a graphite crucible at 2400 to 2450®C for approximate­
ly four hours. Microscopic examination of a cross-section of 
the billet obtained showed the outer layer next to the graphite 
to be made up of very large grains of dicarbide. The center 
portion was one phase which was assumed to be monocarbide. The 
intermediate region had a Widmanstatten structure. Fragments 
could be readily broken from the outer portion of the dicarbide 
grains* Small pieces broken from these grains were placed in 
mineral oil to prevent decomposition by moisture and given to 
E» Hunt of the Ames Laboratory for X-ray single-crystal studies. 
On the. basis of single crystal X-ray diffraction patterns 
and neutron powder diffraction data Hunt (25) has been success­
ful in working out the conplete struct\ire for the dicarbide. 
The con^wund was shown to have monocllnlc symmetry. The lattice 
o I o o ^ 
constants are a_ - 6.53 A, b- - 4.24 A, c = 6.56 A, andfc> r 104. O ' o O • 
The calculated density, on the basis of four molecules per unit 
cell is 9.6 gms/cc. 
Since X-ray analyses show the dic^blde to be one-phase, 
the peculiar microstructtire. Figure 12, of the dicarbide is be-
lieved to be due to a high degree of twinning. The possibility , 
- 64 -
of partial decomposition of the compound was considered, but 
this could not be confirmed by X-ray analyses. If decompo­
sition takes place, it is of insufficient extent to be detected 
by X-ray powder methods. 
P. Resistance Measurements 
The purpose of these measurements was to determine the 
temperature dependence of the electrical resistance of thoriiam 
and thorium-carbon alloys and to observe any discontinuities 
which might be interpreted as phase transitions or phase bound­
aries. V*ith the exception of a number of tests on massive 
thorium all other measurements were made on test bars prepared 
by powder metallurgy methods. The test bars were given an 
homogenizing anneal of about one hoxir at near their melting 
point before readings were taken. Even after this treatment 
the test bars remain quite porous and it was not possible to 
calculate the specific resistivity of these alloys. 
Temperature measurements were taken with an optical 
pyrometer. The pyrometer was focused on a small hole in the 
center of the test bar as previously described. Temperatures 
below 760° were extrapolated from a plot of the temperature 
of a chrome 1-alumel thermocouple jiinction located near but not 
in contact with the test piece, versus optical pyrometer 
readingst This method was also used to extrapolate between 
optical pyrometer readings at temperatures above 760°C when 
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autoiaatlc recording and control instruments were used* As 
many readings as possible were taken isrith the optical pyrom­
eter and extrapolations were made only over periods of time, 
when it was necessary to leave the apparatus* 
The results of resistance meas\irements on a 5/16" diameter 
by 4*0'* th.ori\im rod are ^iven in Figure 35* These measurements 
were made with the manually operated apparatus described on 
page 20. All temperature readings above 760° were taken vTith 
an optical pyrometer. The average heating and cooling rate 
was approximately 4.0°C per minute. The distance between the 
potential contacts on the test piece was approximately 1.2 cm. 
The curves obtained show a sharp increase in slope at 
approximately 1425°C. The sharp increase in resistance with 
temperature continues to about 1525^0. The total heating 
time in this range of temperature was approximately one hour. 
This break may be interpreted as a transformation which takes 
place over a range of temperature either due to too rapid a 
heating rate or due to impurities in the metal or both. 
Above 1525^0 the results obtained are erratic. The first 
heating run gave indication of a fairly sharp rise in resist­
ance at about 1700®C. This was interpreted to be due to 
incipient fusion* The test piece was held at this temperature 
for approximately 10 minutes* The resistance gradually 
increased, but the hole did not fill with melt* The cooling 
curve and the second heating curve followed the first heating 
- 66 -
260 
270 
260 
uj250 
a: 
• 5 
u; 240 
a 
-I if) 
^230 
V. 
^220 
ut 
Z 
: 2 io  
z 
uJ 
o 
o 200 
!» 
c 190 
• 
e 
e 
e 
A 
i 
I 
•/-
e' 
A 
•
 \
 •
 
.
 
; 
/ 
/ O 
1 
/ 
/ 
/ 
Jt 
• 1st heating 
X 1st cooling 
o Zn6 heating 
> 
/ 
/ 
/ 
/ 
/ 
/ 
1 8 0  
o 
z 
< 
170 
<n 
uJ (T 
160 
ISO 
140 
500 600 700 800 900 1000 llOO 1200 1300 1400 1500 1600 1700. 
TEMPERATURE, ®C 
Pig. 35 — Temperature Dependence of the Slec-
trical Eesistance of Thorium. 
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curve quite closely at temperatures below 1575®C. The second 
heating curve shows a continued rapid increase in resistance 
at 1550 to about 1650°C. This may have been due to a slight 
shift of the potential contacts due to softening of the con­
tact points* The test rod melted in two at approximately 
1740®C. There was no indication of a rapid increase in 
resistance as this temperature was approached, as might be 
expected if this were the true melting point. This was also 
true of other thorium test bars for which the observed melting 
temperatures were above 1700^0. The possibility that the 
break at 1425®C represents the true melting point of the 
metal is questionable, although test bars heated to only 
1550®C showed evidence of sagging under their own weight 
indicating that the resistance to shear is small at tempera­
tures well below the observed melting point. 
At near 1400°C some volatile impijrities are given off by 
the metal. The possibility that volatilization of these impu­
rities results in expansion of the metal and thus gives rise 
to the increase in resistance was also considered. However, 
no permanent expansion of the test bars was observed.. Further­
more, this break was still observed after heating a test bar 
at 1500®C \inder vacuum for approximately one hour. 
Similar runs on sintered metal bars, bars cut from cast 
metal, and on Westinghouse metal all gave a sharp increase in 
resistance at 1400±25°C. Minor changes in slope were also 
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observed in the. temper attire range of 700 to 950®C. 
Attenpts to correlate thermal breaks with the resistance 
breaks were not very successflil. A cooling ctirve, obtained 
by means of a columbitm-tungsten thermocouple, on a 450 gram 
saE5)le heated to 1750°C in a beryllia crucible gave a weak 
indication of a thermal arrest between 1575 and 1610®C and a 
fairly well pronounced break at about 1430®C. A second run 
made in the same way showed a fairly strong break at 1690°C 
on heating and a fairly strong break at about 1500°C on 
cooling* No definite cooling break could be observed at 
1690®C« Other cooling curves gave weak indications of breaks 
varying from about 1180 to 1400°C. The possibility of reaction 
between the luetal and the beryllia crucible and contamination 
of the saiig)le by both oxide and beryllium added further uncer­
tainty to the results obtained, and no further work was done 
on thermal analyses. 
Pressed bars containing as little as 0.2^ carbon no 
longer gave a sharp increase in resistance at near 1400®C. 
Test bars containing 5 to 10€ of added Th02 gave very eratic 
curves. 
The results obtained on thorium-carbon compositions are 
given in Figure 36. The dicarbide exhibits a sharp change in 
slope at about 1350 to 1650®C. The monocarbide shows a rather 
large iiysteresis at 700 to 900®(;, Ah X-ray diffraction pattern 
of a saii5)le quenched from 950®C gave no indication of a change 
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from the room temperatTare structure. 
A test piece containing 1.5^ carbon gave a very sharp 
rise in resistance at 1670®C. This same saE5>le was rapidly 
cooled in a helium atmosphere from approximately 1960°C and 
then annealed at 1690®C for 4,5 hours and again rapidly cooled 
to room tejig^eratin^e. The change in micros true ture from the 
center of the test bar where the annealing temperature was 
1790®C to near the end of the test bar where the temperature 
during annealing was probably below 1200°C is shown in Figure 
37« From these structiires it is evident that at 16S0°C the 
alloy is one-phase and that there is a rapid decrease in solid 
solubility below this teit^) era ture. The structure observed 
along the length of the bar also shows that there is no 
intervening one-phase region between 1630®C and near room 
temperature. The break at 1590°C may be the result of a change 
in structure of one of the components resulting in a large 
increase in solid solubility. 
A similar sharp increase in resistance was obtained at 
2025®C with a test bar containing 2.0^ carbon. 
In general, the results of resistance measurements indicate 
that the thorium-carbon system is more complex than shown in 
Figure 10. However, the data obtained are not sufficiently 
conclusive to justify changing the tentative diagram given. 
Further data are needed in order to properly interpret the 
results of these measurements. Hi^ temperature X-ray studies 
Pig. 37 — Microstructxires of a 1*5% Carbon Test 
Bar Annealed at 1690 C for 4,5 Hours and Then Rapidly 
Cooled in a Heliimi Atmosphere to Room Temperature. 
The Micros true ture at the Upper Left is That of the 
Center of the Bar, and Figures from Left to Right 
Show Microstructures Taken Along -the Bar Between the 
Midpoint and The Water-Cooled Copper Electrode at 
Points of Successively Decreasing Temperatures. Etched 
with 1 Kitric Acid - 2 Ethyl Alcohol - Sodium Pluosilicate" 
Solution, X 250 
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woxild be particularly useful in this respect. 
In the course of these measurements it was noted that 
the dicarbide is a particularly good conductor of electricity 
at room temperature. The monocarbide, however, has a rela­
tively hlgT") resistance, it being higher than the dicarbide by 
a factor of about five. 
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VI. SU!3iARY' 
A study of the thorium-carbon system has been inade and a 
tentative phase diagram constructed from met alio graphic. X-ray, 
and melting point data* 
The existence of two compounds, ThC (4«92^ carbon) and ThCg 
(9.38^ carbon), has been verified. Eo conclusive evidence for 
any other coiapound was found. The monocarbide has a sodium 
chloride-type stract\are and the lattice constant for this 
compound is shown to be 5.34 i which is considerably larger 
than that previously reported. It is shown that the lattice 
constant previously measured was that of a solid solution of 
thorium in thorium monocarbide. 
The monocarbide melts at 2625±25°C and the dicarbids at 
2655±25°C. All compositions between thorium and the mono­
carbide show complete miscibility in the liquid state and in 
the solid state at elevated temperatures. However, an immis-
cibility gap in the solid solution area appears to extend 
from room temperature to just under the solidus line. The 
peak of this gap is at about 2% carbon and 1975®C. The 
composition of the thorium-rich and the carbon-rich solid 
solutions for this gap at room temperature are about 0.25^ 
carbon and 3.^ carbon, respectively. The monocarbide and 
dicarbide also form a complete series of solid solutions at 
elevated temperatures but show very little or no mutual solid 
solubility at room teniperature. 
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The dicarbide forms a eutectic with graphite containing 
approximately 12carbon which melts at 2500±35°C« 
A miethod for tl:e measurement of the electrical resistance 
of metals and alloys at very higji temperatures is given and 
automatic recording and control instriaments used in conjunction 
with this method have been described. This is essantiallj a 
potentiometer method wherein the potential developed between 
two probes which make contact with the test piece is balanced 
against the potential developed across the secondary of a 
current transformer whose ia?imary is connected in series with 
the test piece. The test piece is moTinted between water-
cooled copper electrodes and is heated by means of a hi^  60 
cycle current. The change in resistance is measiared directly. 
The te]i5)erature dependence of the electrical resistance of 
thoriuta and of a number of thorium-carbon 00215)0 sit ions have 
been deteimined. Evidence indicating the existence of an 
allotropic modification of thorium at temperatures above 
1400®C is presented. Fart of ttie material presented in this 
paper has been previously published (26), (27). 
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